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ABSTRACT

attachment of bone to the bone attachment material within

the indentations. Each of the indentations are positioned on
generally opposing Sides of the body So as to provide contact
with the end plates of the opposing vertebrae when the
implant is inserted into at least one bore formed between the
opposing vertebrae.
19 Claims, 3 Drawing Sheets
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SPINAL FUSION DEVICE

This is a continuation of application Ser. No. 08/585,526
filed Jan. 16, 1996 now U.S. Pat. No. 5,766,253.
FIELD OF THE INVENTION

The present invention relates to Spinal fusion devices to
be placed between opposing vertebrae of a spine and more
Specifically to Solid Spinal fusion devices for insertion into
bores formed between opposing vertebrae of a Spine, the
device being constructed So as to allow bony attachment
while maintaining a load-bearing Strength in excess of loads
required by the Spine.
BACKGROUND OF THE INVENTION
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In a human Spine the intervertebral disc acts as a Stabilizer
and as a mechanism for force distribution between the

vertebral bodies. When the intervertebral disc is not present,
the intervertebral Space collapses causing pain, abnormal
joint mechanics and premature development of arthritic
changes.
Methods of treating injured or diseased discS have
included chemical disintegration procedures and Surgical
excision, often followed by bony fusion to prevent Spinal
collapse or instability. With disc excision, no significant
regeneration of disc material occurs. Replacement of an
injured disc in an otherwise healthy Spine may prevent
arthritic changes and may stabilize the Spinal Segments. In
diseased Spines, replacement of the disc may reduce the
progression of the disease proceSS and may provide pain
relief. Several methods have been developed for providing
Stability, Via internal fixation, for the purpose of improving
the probability, rate, and time associated with Spinal fusion.
Methods of achieving internal fixation include the use of
rods, plates and interbody cages. Examples of interbody
cages are found in U.S. Pat. Nos. 4,961,740, 5,015,247 and
5,425,772. The cages or fusion devices described in these
patents have threaded hollow bodies, which allow for the
packing of autologous bone grafts. Typically, interbody
cages are filled with bone graft material, either autograft or
allograft, in order to enhance long term fixation of the
interbody cage via bone attachment to the opposing verte
bral end plates through the cage. Bone grafting is associated
with a statistical chance of post-operative complications.
The exact nature of these complications is generally related
to the Source of the graft material, but includes harvest Site
pain and immunological responses. Bone used as graft
implants is often removed from another portion of a
patient's body, which is called an autograft. A significant
advantage of using a patient's own bone is the avoidance of
tissue rejection, but harvesting bone also has its shortcom
ings. There is a risk to the patient in having a Second Surgical

a Solid threaded device which has indentations in its outer

Surface containing osteoconductive material that contacts
the bony end plates of the vertebral bodies to be fused. Yet
another object is to provide a spinal fusion device that does
not require bone growth into a hollow center of the device
in order to augment the threaded fixation mechanism on the
outer Surface of the fusion device.
25

SUMMARY OF THE INVENTION

The present invention provides an implant for insertion
into at least one bore formed between opposing vertebrae of
a spine where the vertebrae are Separated by a Space. The
implant is a Solid cylindrical body having a first and a Second
end, an Outer Surface, opposing Sides and a longitudinal axis.
The body has threads on a portion of the outer surface
between the first and second ends with the threads being
configured for threading into bone tissue. The body includes
35

at least two indentations on its outer Surface, with each

indentation containing bone attachment material for the
attachment of bone to the material within the indentations.
40
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Each of the indentations are positioned on generally oppos
ing Sides of the body So as to be in contact with the bony end
plates of the vertebral bodies to be fused.
As will Subsequently be described, the inventive implant
provides a spinal fusion device that does not require bone
graft material in order to provide long term fixation or to
augment the threaded fixation mechanism of the fusion
device.
BRIEF DESCRIPTION OF THE DRAWINGS
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procedure (bone harvesting) performed at a Secondary site

which can lead to infection or additional pain to the patient.
Further, the bone harvesting site is weakened by the removal
of the bone. Other options for a bone graft source is bone
removed from cadavers, called allograft, or from an animal
called xenograft. While these kinds of bone grafts relieve the
patient of having a Secondary Surgical Site as a possible
Source of infection or pain, this option carries a high
incidence of graft rejection and an increased risk of the
transmission of communicable diseases. Further, Xenograft
and allograft material are more Slowly incorporated into a
patient's body than autograft material.
In these devices long term fixation is attempted via bone
“throughgrowth,” in which existing bone tissue replaces the

2
graft material. However, due to the relative stiffness of the
cage portion of these devices, it is extremely doubtful that
the bone within the cage remains viable over the long term
as this mechanically unloaded bone would be reabsorbed,
leaving only fixation via the external threads on the cage.
Another spinal fusion device, described in U.S. Pat. No.
4,878,915, is a solid plug implant with roughened outer
Surfaces for receiving bone ingrowth in order to fuse the
plugs in the intervertebral Space. The roughened outer
surface on this device allows for only attachment of the
device through interdigitation of the bone with the rough
ened outer Surface of the plug.
Accordingly, it is an object of this invention to provide a
Spinal fusion device for fusing adjacent vertebral bodies
without the need to use bone graft material. Another object
of the invention is to provide for internal fixation/
stabilization of the vertebrae to be fused through the use of
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A better understanding of the invention can be obtained
when the detailed description of the exemplary embodi
ments set forth below is reviewed in conjunction with the
accompanying drawings, in which:
FIG. 1 is a Schematic posterior plan View of a portion of
human vertebrae with an implanted Spinal fusion device of
the present invention;
FIG. 2 is a schematic top view of a human vertebrae with
two posteriorly implanted fusion devices of the present
invention;
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FIG. 3 is a schematic top plan view of a human vertebrae
showing an anteriorly implanted fusion device of the present
invention; FIG.

FIG. 4 is a perspective view of the present invention;
FIG. 5 is a top plan view of the fusion device of FIG. 4;
FIG. 6 is a cross-sectional view of the fusion device of
65

FIG. 5;

FIG. 7 is a plan view of a first end of the fusion device of
FIG. 4;

6,102,948
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ceramic material is a hydroxylapatite Such as a calcium
hydroxylapatite. In another embodiment of the fusion device

3
FIG. 8 is a plan view of a second end of the fusion device
of FIG. 4; and

10, the bone attachment material 27 includes a metallic

FIG. 9 is a perspective view of an alternate embodiment
of the present invention.

porous coating (not shown) on the Surfaces 28 of the
indentations 26. Insert 30 can also be formed from an
inductive material such as bioactive glass(es) or BMP which
may be combined with or carried by bioresorbable polymer
(s). An Osteoconductive material Such as hydroxylapatite

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENT

The human Spine is composed of a column of vertebrae
and their joining Structures. The vertebrae V are connected
by intervertebral discS, which are positioned between oppos
ing faces of adjacent vertebral bodies VB. Each vertebral
body VB has an end plate Ethat is adjacent to the connecting
intervertebral disc. When problems with the spine occur,
Surgery may be required to correct the problem and in one
Such procedure called a discectomy, the involved vertebral
bodies are exposed and all or a part of the intervertebral disc
is removed. A Second procedure, termed a spinal fusion, may
then be required to fuse the vertebral bodies together in order
to prevent movement and to maintain the Space originally
occupied by the intervertebral disc. In Some cases, one or
two spinal fusion devices are inserted into the intervertebral
Space during a spinal fusion procedure following a discec

enhances bone growth in areas where bone tissue is nor
mally found. An inductive material Such as bioactive glass

(es) or BMP which may be combined with bioresorbable
polymer(s) Stimulates bone formation where bone tissue is
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device (not shown) for Securing the body 12 to a tool, Such

tomy.
FIGS. 1 and 2 illustrate vertebral bodies VB in which a

fusion device or implant 10 of the present invention has been
inserted into each bore formed between the posterior portion
of opposing vertebral bodies VB of a spine. Alternatively,
one or more fusion device or implant 10 may be inserted
between an anterior portion of opposing vertebral bodies VB
of a spine, as illustrated in FIG. 3. As shown in FIGS. 4, 5
and 6, the fusion device 10 of the present invention is in the
shape of a Solid generally cylindrical body 12 which has a
first or leading end 14 and a second or trailing end 16. Body
12 includes an outer Surface 18 and opposing Sides 20, 22.
Threading 24 is on a portion of the outer surface 18 of the
body 12 between the first and second ends 14, 16.
Preferably, the threading 24 is a cancerous type bone thread
with buttressing on one side of the threading 24 which resists
body 12 from backing out of the bore. Threading 24 is
Spirally wound around and is integral with the body 12.
Body 12 also includes at least two indentations 26 on its
outer Surface 18 positioned along the longitudinal axis LA
on generally opposing Sides 20, 22 of the body 12. Inden
tations 26 have a surface 28 and in a preferred embodiment
are generally about 0.25 to 3.0 mm deep. Each indentation
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Inserts 30 can be formed from an osteoconductive or

osteoinductive material and the solid cylindrical body 12 is
preferably formed from an implantable grade material Such
as metals, ceramics, polymers or composites. Long term, the
bone attachment material 27 in the indentations 26 obliviates
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the need for bone graft material as the bone tissue of the end
plates E will become fixed directly to the bone attachment
material 27. Threading 24 on the outer surface 18 of the
body 12 provides initial attachment to the vertebral bodies
against the natural Shear forces placed on the Spine. Without
the initial attachment providing by the threading 24, it is
possible for these shear forces to cause micromotion at the
bone/bone attachment material 27 interface. This micromo
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tion tends to reduce the integration of the bone attachment
material 27 to the vertebral end plates E.
In an alternate embodiment, as shown in FIG. 9, fusion

45

device 10A has a solid cylindrical body 12a formed from a
biocompatible osteoconductive material Such as bioactive
hydroxyapatite-polymer composites. Body 12a is preferably

composed of a hydroxylapatite (HA) reinforced polyethyl
50
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as illustrated in FIGS. 2 and 3.

In one embodiment of the fusion device 10, the bone
attachment material 27 includes an insert 30 formed from a

biocompatible, porous, osteoconductive material. The
porous material can include metallics, ceramics, polymers
and composite materials. In a preferred embodiment the

as a Screwdriver, used to insert the implant 10 into at least
one bore formed between opposing vertebral bodies VB of
a Spine.
Fusion device 10 can be implanted in either the anterior
or posterior portion of a vertebrae V and either one or two
fusion devices 10 may be used to provide for internal
fixation and Stabilization of the Vertebrae V during a Surgical

procedure to fuse adjoining vertebral bodies (FIGS. 2 and 3).

26 contains a bone attachment material 27 which allows for
the attachment of bone to the material 27 contained within

the indentations 26. In a preferred embodiment, the inden
tations 26 are generally rectangular in shape. Preferably,
indentations 26 are positioned Such that two indentations 26
are placed end-to-end along the longitudinal axis LA of each
opposing side 20, 22 of the body 12 for a total of four
indentations 26. However, indentations 26 can be positioned
Such that one rectangular indentation 26 that is generally the
length of the body 12 is placed long the longitudinal axis LA
of each opposing side 20, 22 of the body 12. This placement
of indentations 26 provides for contact between the bone
attachment material 27 and the end plates E of the opposing
vertebral bodies VB when implant 10 is inserted into at least
one bore formed between the opposing vertebral bodies VB

not likely to be found.
Fusion device 10 also includes a centrally located internal
opening 32 at the second end 16 of the body 12, as illustrated
in FIGS. 4, 6 and 8. The centrally located internal opening
32 is configured to receive a tool receiving and mounting
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ene composite. Cortical bone at the ultra-structural level is
a hydroxylapatite reinforced collagen composite. Thus, the
equivalence of microstructure and deformation behavior
give hydroxylapatite-polyethylene composites a Special
property as a bone analogue material. HA reinforced poly
ethylene composites offer the potential of a stable implant
tissue interface during physiological loading. In addition to
the ability to tailor-make the composition of the composite
as the mean particle Size and the particle size distribution, as
to well as the Surface area, the composition of the HA can
be varied, So as to produce different mechanical properties.
The body 12a has a first and a Second end 14, 16, opposing
sides 20, 22 and an outer surface 18. Threading 24 is on a
portion of the outer surface 18 between the first and second
ends 14, 16. When the implant 10A is inserted into at least
one bore formed between the opposing vertebral bodies VB,
the opposing Sides 20, 22 contact the end plates E of the
opposing vertebral bodies VB So as to allow the bone tissue
of the end plates E to chemically bond directly to the outer
surface 18 of the body 12a. The implant 10A also includes
an internal opening 32 configured to receive a tool receiving

6,102,948
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and mounting device Such as a Screwdriver used for insert
ing the implant 10A into at least one bore formed between
opposing vertebrae of the Spine.
It will be appreciated that implant 10 and 10A are
intended for use in a wide variety of vertebral body sizes and
the dimensions of the implant 10 and 10A will vary neces
sarily with the size of the vertebral body in which the
implant 10, 10A is to be used. Making variations to the
dimensions and sizes of the implant 10 and 10A in order to
accommodate differing sizes of vertebral bodies will be well
within the skill of the art. Generally, however, the diameter
of implant 10 and 10A can be between about 6 to 20 mm and
the length between about 8 to 30 mm.
Although the present invention has been described with
reference to its preferred embodiments, those skilled in the
art will recognize changes which may be made in form or
structure which do not depart from the spirit of the invention
already described in the Specification and embodied in the

6
implant body defining a longitudinal axis and having
entry and exit ends, the implant body including an outer
Surface having at least first and Second non
communicating recesses therein and a biocompatible
porous bone attachment material disposed within each
receSS, the first and Second recesses being arranged in
general diametrical opposed relation Such that upon
positioning of the implant body between the adjacent
vertebral bodies, the bone attachment material within

15

defined in the outer Surface thereof.

claims which follow.
What is claimed is:

1. An implant for insertion into a bore formed between
opposing vertebrae of a spine where the vertebrae are
Separated by a Space and each vertebrae has end plates and
bone tissue, the implant comprising:

a) a Solid generally cylindrical body having a first and a

25

Second end, an outer Surface, a length measured from
the first end to the Second end and a longitudinal axis,

b) the body having threads on the outer surface between

the first and Second ends and along a major portion of
the length of the body, the threads configured for
threading into bone and having a thread diameter that
defines the outer diameter of the body along a major
portion of its length;

c) wherein the body comprises a first Substantially rigid
material and a Second biocompatible porous material,
the Second biocompatible porous material being dis
posed on at least opposed Surface portions of the outer
Surface of the body and arranged to Substantially con
tact the end plates of the opposing vertebrae when the
body is inserted into the bore formed between the
opposing vertebrae;
to permit bone tissue of the end plates to chemically bond
directly to the outer Surface of the body.
2. The implant of claim 1, wherein the second biocom
patible porous material includes bioactive hydroxyapatite
polymer composites.
3. The implant of claim 2, wherein the hydroxyapatite
polymer composites includes hydroxyapatite reinforced
polyethylene composites.
4. The implant of claim 1, wherein two implants are
inserted into two bores formed between opposing vertebrae
of a spine.
5. The implant of claim 1, wherein the second end of the
body has a centrally located internal opening configured to
receive a tool receiving and mounting device for Securing
the body to a tool for inserting the implant into at least one
bore formed between opposing vertebrae of a Spine.
6. An implant for insertion between adjacent vertebral
bodies, which comprises:
an implant body dimensioned for insertion between the
adjacent vertebral bodies to Support the adjacent ver
tebral bodies in Spaced relation during healing, the

each receSS contacts respective vertebral portions of the
adjacent vertebral bodies.
7. The implant of claim 6 wherein the implant body is
generally-cylindrically shaped.
8. The implant of claim 7 wherein the implant body
includes at least two pairs of first and Second recesses
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9. The implant of claim 7 wherein the outer surface of the
implant body includes a threaded portion to facilitate inser
tion between adjacent vertebral portions.
10. The implant of claim 6 wherein the bone attachment
material comprises a biocompatible porous material.
11. The implant of claim 10 wherein the porous material
is Selected from a group consisting of biocompatible
metallic, ceramics, polymers and composites thereof.
12. The implant of claim 11 wherein the ceramic material
is a hydroxylapatite.
13. The implant of claim 11 wherein the hydroxylapatite
is a calcium hydroxylapatite.
14. A method for facilitating fusion of adjacent vertebrae,
comprising the Steps of:
providing a fusion apparatus including an implant body
having an outer Surface with at least first and Second
receSSes defined therein and arranged in general dia
metrical opposed relation, and a biocompatible porous
bone attachment material disposed within each recess,
accessing adjacent vertebral portions, and
positioning the fusion apparatus between the adjacent
Vertebral portions in a manner whereby
the bone attachment material within the first and Second

recesses is adjacent respective vertebral portions to achieve
immediate contact there with, to thereby facilitate bonding
and subsequent fusion of the implant body with the vertebral
portions.
15. The method according to claim 14 wherein the
implant body includes an external threaded portion and
wherein the Step of positioning includes Screwing the
implant body within a preformed bore defined by the ver
tebral portions.
16. The implant of claim 1 wherein the outer surface of
the body includes first and Second recesses defined therein
and arranged in general diametrical opposed relation and
wherein the Second biocompatible porous material is dis
posed within the first and Second receSS.
17. The implant of claim 16 wherein the second biocom
patible porous material is Selected from a group consisting
of biocompatible metals, ceramics, polymers and compos
ites thereof.
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18. The implant of claim 17 wherein the ceramic material
is a hydroxylapatite.
19. The implant of claim 18 wherein the hydroxylapatite
is a calcium hydroxylapatite.
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